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A B S T R A C T  

In tcr l~ie t ,~ t~ons  of iegol~th anel so11 th~ckncss 111 the context of landscape evolutlon ;Ire typlc,llly hascd o ~ i  the liotion 
that thl~ki7ess 1s co~~t~o l l ec I  by the Iliterdctloll of wcatlier~ng rates anct erosion '111d tu11ed to topography On siJcslopcs 
oi the Otldchita Mount,ilns, Alltansas, how eve^, there 1s ,I high clcgrcc of local s p a t ~ ~ l  var lah~l~ty  th,lt 1s ldrgcly u111c1,ttcd 
to topog~aphy T111i iriel~cates ~ ~ o n c c l ~ ~ i l ~ l ~ r ~ t i  In the sc~lsc that there 1s 110 cv~dcncc of '1 h,il'~ncc between ~ a t c s  of 
weatl~crlng a i d  ~ e t ~ ~ o v d l ,  as 1s ~ ~ o \ t ~ ~ l ~ i t e d  111 so111e c o ~ ~ c e ~ t u ' l l  17iodels 111 gco~norphology alld pedology Johnson's sol1 
t l~~clzne\s rilodcl 1s ,~pplled as an ;~ l t e rna t~ve  to lnteiprct local v'1ii~tions In regol~th tl1icl<i1ess At the study sites, 
regol~th tl~icltness 1s not gcncr,illy ~ c l ~ t c d  to slope, culvature, clcvatlon, ol pedogcilic ctcvelopment 111 the solurn 
T h ~ s  lndlc,ites that va11ab111ty In thickness is related chiefly to processes and controls dctil~g in the lower rcgolith, 
helow the solum The pru~liary controls of variabil~ty 'Ire local litholog~cal var~at io~i ,  va~lablc structural rcslstancc 
assoelated w ~ t h  fract~ucs 'lnd bedd~ng planes 111 strongly t~ l t ed  I-'alcozoic sed~ment,lry parent n ~ ~ i t c r ~ a l ,  ' I I I ~  polnt- 
ccrltcrccl pedologicdl I I ~ ~ ~ L ~ C I ~ C L ' ~  of trees A steady state regolith ]nay be relC~ttvcly rale Rcstilts of t h ~ s  study suggest 
that 'In cq~111hri~1111 ~egoll th th ic l<~~css  1s most hltcly 111 ~ l n ~ f o r m  l~tliology w ~ t l i  a 111gh clegrec of l~tliologic puiity, lcss 
lllzely 111 i~ltcrhcddccl scd~rmcnt~~ry ~ocl<s, and more unl~lzcly st111 t f  the I'itter ,Ire t~ t l ed  '11id f l a ~ t ~ l r e d  Equl11b11~1rn 
th~clzness would also he m o ~ e  11l<cly where the effects of h ~ o t ~ i r h , l t ~ o ~ i  ,lie morc 'ileally un~form (as opposed to the 
point-centered effects of ~ndiviclual trees) ~1ic1 wl i e~c  the l x o ~ ~ i d l ~ t l e  1s above the weClthering ftont 

Introduction 

Several models of landscape evolution postulate 
the development of '1 steddy state e c l ~ ~ i l ~ h r i ~ ~ i ~  reg- 
olith thiclziicss, implyiilg '1 iuorc or lcss spc~tially 
uniform regolith cover withi11  reas as with siil~ilar 
environillental controls 111 some situations, how- 
ever, rcgol~th ,lnd soil thiclzness exhibit 2 high de- 
gree of loc,ll spatial vari~hility, 111l~lyi11g ilonequi- 
lihriuill T11c purpose of this study is cxailliile the 
spatial v ~ r i ~ l b ~ l i t y  III regolith thiclzness in the 
Ouachita Mountains, Arlz,ulsas. In adciition to 'lt- 
tempting to ~rilderst~lnd rcgolith and I'lndscape evo- 
l u t~on ,  as well as soil vL1riLlhility at  our sttes, we 
11opc to 'llso address morc gener'll theoretical clues- 
tioils of ( n o i ~ ) e c l u i I ~ b ~ i ~ i i ~ ~  regolith. The  thiclzncss of 
soil a i ~ d  regolith is ,I fund,lmeilt,ll property related 
to tlzc inass h'11,lnce c~i~cl  a l l o ~ a t i ~ i i  of ~ e ~ ~ t l i e r i i ~ g  

products, the wcatlzering- or tr,lnsport-limited na- 
ture of lanctscdpe evolution, and storage of water, 
carbon, ilutrlcnts, and other elements. Thiclzilcss 
is '11so a functamental property relevant to the use 
and man,lgement of land '111d soil resources. 

In t h ~ s  study, ccluilibriuill (a terin that is vari- 
ously aild poorly defined in geology) refers to a 
ste,~dy state in the case of rcgolith thiclzncss, 1111- 

plyii~g that the production of weathered debris is 
approxiin'~tely bCllancec1 hy thinning processes such 
AS e r o s ~ o l l ~ ~ l  iemov'~1 to illdiiltain a r ~ l ~ ~ t i v e l y  CO~I- 
statlt t h i c l z i ~ e ~ ~ .  111 the s l ~ t i a l  doin'~in, this wo~11~1 
be manifesteci ;is iniiliill~lly v'1riC~ble regolith thielz- 
ness w ~ t h i n  any c l r ~ a  of negligibly vc~riable geology 
~ n d  topogr'lphy that has heen subjected to the same 
history of e ~ ~ v i r o i ~ i ~ ~ e ~ ~ t ~ l l  ch~lilges and d is t~ l rh~~nccs .  
Following Kenwiclz (1992), we distiilguish between 
disecluilihnum ,lnd nonequilihrium. A discquilih- 
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Nonecluilibrium systems are inherciltly dyiiaimi- 
cally ~i i is t~ihle or dominated by treclueiit cfistur- 
bance and do iiot develop a steady state eclu~ltb- 
rium. Noiiecluilihriuiii regol~th tli~clzncss would be 
ch~~racterized by thiclzeiling or thinil~iig tliLit can 
conrtinue until Iimitect by external f'ictors, with iio 
particuldr tc~idency to m'iintain constant thick- 
ness. In the sp,iti,~l ciomarn, this is in'mifestcd 2s 
variable tliiclzness withln areas of s~mil'lr geology, 
topogr,zplly, aiid other environmental coiltrols 

The concept of cc~uilihrium regolitli or soil thiclz- 
ness is expl~ci t  or ii~lplicit 111 iilost of the best- 
lznown models of l'iiidscapc evolution. At ledst as 
far b'iclz as Davis 11 892) ,inel Gilbert (1909), it has 
been suggestect thdt weathering r,itcs decline with 
soil thiclziiess and that hillslope transport flux 1s 
proportional to slope gradient. Penclz (1924) more 
explicitly cfescrihed such ;I situation 111 111s discus- 
sion of the "renewal of exposure" concept, whereby 
the production of weathered debris is inversely re- 
lated to the th~clzness of the regolith cover. Where 
conditions allow regolith to accumulate, eventu- 
ally a steacty state coilditioil will be reached wliere 
debris proctuct~oii ,lt the wea t l~e r~ng  front is hal- 
'iiiced by erosional rei-~~ovdls at the surf'lce (Penclz 
1924). Several hillslope dild regol~th evolutioi~ mod- 
els arc baseel on the production of i ~ l ~ ~ t e r i a l  hy 
weathering, a decline in wcatlier~ng ratcs ,is rcgo- 
11th gets th~clzer (sometimes ,is a siiilple ilegative 
exponeiltidl f~iictioil ,  soinetimes with r'ites peak- 
11-11: ~ inder  a relatively thin soil or regolith cover), 
slope transport by soil creep, and f luv~al  trailsport 
Je.g., Young 1963; Ahnert 1976; Armstrong 1980) 
Perhaps the best-lznowii expression of t h ~ s  concep- 
tual frciineworlz is that of C;irsoii aiicl Kirlzby (1972); 
their frameworlz contii-~~ies to be eiliployed In v a -  
ious forins with numerous elaborat~oils '~ild wlth 
ditferent i ~ ~ i n e r ~ c d l  so l~ t io i l  schemes up to the 
present (e.g., D~e t r i ch  ct '11. 1995; H e ~ m s ~ i t l i  e t  al. 
1997, 1999, 2001; M111,lsiiy aiid McRratiiey 1999; 
Furb~sli and F<igherazzl 200 1 ). 

Steady state soil thickness is cilso implicit in the 
coilcept of ix'lture zonal soils developed by Dolz- 
ucliacv 11883) and expounded oil by suhsecluent 
generations of pcdologists. T h ~ s  general phenoinc- 
non is described '1s self-regulatloii by Lisctslzi~ 
J 1999). Altliougli L ~ s e t s l z i ~ ' ~  work (1999, p. 109 1)  
focused on liumus accumul~ition, it glves evidence 
for " i i~ore c ~ ~ t i v e  SOII forillation 111 co~id i t io i~s  of 
den~idation" 'iild st'ites that "during the initial 
stages of so11 development, soil-foriniiig processes 
are iioiiecluilihriuin." Equilihriuin regolith/soil 
thiclzness ~llar~icterized by ,I b,il'~nce hetween soil 
proctuction and erosion 'liid t u~ ied  to topography 
provldes the basis for the work of Hcimsatli ct al. 

(1997, 1999, 2001), who present methods for testliig 
ecluil~hrium thiclzness. Tliey presciit radioiiucl~de 
data that lndlcdte a11 e x p o ~ ~ e i ~ t i ~ ~ l  cfecl~ne of soil 
proctuction with depth (consisteilt with the reriew'il 
of exposure concept) and show t l i ~ t  soil thiclzness 
varies iiivcrsely wit11 slope curvature. Carter and 
Ciollzosz (1991) touiic1 that the tliiclziiess of surfici,il 
(0, A, m e t  E )  liorizons was  inr related to slope 111 

soils eleveloped on s'it~dstone in Pen~lsylv~~ii ia  m e t  
concluded tli'it the rate of soil formation exceeds 
the rate of crosloil This 1s tinplicitly based on a 
11otio11 of sol1 thiclzness as 'I function of rcites of 
foriiiatioi~ versus removal, altliough the authors 
dlso speculate that effects of erosion oil steep slopes 
are inaslzed by laterC1l movement of throughflow 
and by the effects of tree throw. Siiliilar conclusions 
were re'1chcd by L~sctslzi~ (1999) on the basis of 
studies of dated surfaces in the R u s s ~ ~ t n  steppes. 

Heliiisath and others (1999) postulate that i f  the 
rate of bedrock conversion to iiiobile regolith is a 
fuilction of local soil thiclzness, then on ~ u i ~ f o r n i  
bedroclz, a h~llslope approaching dynamic ecjuilib- 
riuiil should have a un~for in  so~l/regoll t l~ mantle. 
Conversely, they iilaiiitaiil that variations in soil 
depth would produce variations 111 so11 production 
and a non- or d~sec lu i l l h r~u i~~  coi-~clition. The  notion 
of feedbCiclzs between regolith thiclzness and weath- 
cilng rates produc~ng <I steady st'xte tli~clziiess a1lc1 
spatial un~for i i~ i ty  is also supported hy S111all et  '11. 
J 1999) and Aiiderson 12002). In the ternporal doiiiaiii 
Jor, inore re~listlcally, In stratigraphic interpreta- 
tions of the regolith), '1 stedcty state-weatheringpro- 
file cl~ar~icterized hy a balailce of croslon dllc1 
weathcriiig rates liiay appear to he ~inchangiiig (01- 
lier and Pal11 1996; Pdiii and Ollicr 1996). The  feed- 
h'ick between soil or regolith th~clzness and 
we'lthering rates, gencr'11ly ch'~r'~cterized by an ex- 
ponenti'll decline in weathering with thiclzcr reg- 
o l~ ths ,  has beell coilfirmed by sevcrcil studies using 
cosmogenic radioiiucl~dcs (Hcii~zsatli ct '11. 1999, 
2000; Rraun et al. 2001; Anderso~i 2002), thougli 
results differ on whether a critical thresl~old thiclz- 
ness 1s rccluired before the rel~t ionship holds. 
WcCithc~iilg rates may also decline wltll soil dge 
JMarlzewich et '11. 1989; T'iylor dild Klu1-11 1995; 
Blrlzel'iiid 1999), c~ltliougli ~t is iiot clear to what 
extent the decline is rclatccf to so11 thiclziiess as 
opposed to other factors such ,is dep1et1oi-1 of weath- 
crable minerals. 

Although thcorct~c'il landsc,lpc cvo1utio1-1 moctels 
and so11 zonalism concepts m,iy lillply tli'it ~ii1111- 
terruptcd pccfogeiiesis le'~ds to a steacfy state soil, 
disturbances ciilcf i i i terr~~ptioiis are ~ ~ c l z ~ ~ ( ~ w l e e t g ~ d  
to occur, anct none of the thcortes or models ex- 
pl~ci t ly Iiolds that stc'idy state ccl~iilibrium regolith 
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tliiclzncss is ail i ~ i e v i t ~ ~ b l e  o~l tco i i~e .  Further, it is 
widely accepted that the relief of the hcdroclz 
weathering Iroiit illcty iiicrease ovei tiilic because 
of self-iciiiforcing positive feectl~clz Tlidt is, sil~all 
iiiitial varidtioiis such as str~lctural w e ~ ~ z i i ~ s s e s  are 
prcferentlally we,zthcrcd, with subsequent r u n -  
forcement due to iiicreasec~ I1ioisture collectioii, 
greater exposure, and so oit (c .g ,  Twidale 1991, 
Vilcs 2001). If such etch surfaces arc uiiconform- 
ably soil il~antlcci, then there must  be a liighly var- 
iable soil tli~clziiess. Such s~tua t ions  arc i?articularly 
comiiio~i in lzarst regions, where locally tliiclzciieci 
soils occui 111 buried or partially huircct srihsurfdcc 
solutional fcaturcs and also 111 many tropical and 
suhtrol?ic,tl laiidscapes wlierc etching at the wedtll- 
erliig front is a11 importaiit process [Twidalc 2002) 
Other icccnt models suggest that stability diicl 
steacty state or instability aiict deterministic cliaos 
are both possible within the rdiige of reCilist~c, p la~l -  
sihle parailietcr V ~ I L I C S  even when only three phc- 
noinend are considered j 1 ) surface removals; 12) reg- 
olith or soil tl~iclzness; and 13) weathering as a 
fuizctlon of thickness (IJhillips 1993, 1995; Mlnasny 
and McBratiley 1999; DIOdorico 2000; Furhis11 and 
Faglicrazzi 2001) Tliis i111plics that stable steady 
state thiclzness would not vleccssdrily occur even 
wlicii no other factors have a significant influence 
on cieptli or thickness of the weatherect inaiitle 

Nonccl~ulibriui~~ regolith thiclzness inay have 
111ult1ple origlns. Chaos inl-icrent In the feecihaclzs 
between wcathcriiig, tliiclziicss, and erosion could 
account for local spatial variability in thiclzness 
cveii in areas of apparciitly uiiifori~i gcoiiiorphic 
and pcdologic coiitrols jI1hillips 1993, Miiiasny and 
McRratiiey 1999) liicreasliig relief of soil-malitled 
weatliering fronts, as previously clcscrihed, is aii- 
otiier poss~lbility It 1s also possible that the effects 
of local ciisturhai~ccs such '1s tree throw or other 
pedologic effects of trees (Phillips and Mario11 2004) 
oi hutrow~iig animdls accotlnt for v ~ r i a t i o i ~ s  111 reg- 
olith tl~iclziiess This is particularly lilzcly wlicrc 
dynai-clical i~istabilities cause the effects of the lat- 
ter to he disproportion'itely large or long l ~ v e d  iel- 
ativc to the disturbance Fii~ally, steady state cclui- 
l i b r i ~ ~ i ~ ~  concepts of regolith tliickiiess are based 011 

the iiiterplay of surface rcinoval and production of 
debris hy weathcrlng. Soll and rcgollth tl~iclzncss 
iliay be iilfl~ieiieed by a i11ucli larger suite of pro- 
cesses (Jolinsoil 1985, Johnsoii et dl. 2005), resultiiig 
111 deepeniiig, upbuilding, surficial removals, and 
subsurface removals 

Some coi~imciits on termiiiology are pertliiciit 
"Regolith" is generally ctefiiled as all ~lncoiisoli- 
dated iiiatcrial overlying solicf hedroclz or ~indis-  
turbcd, uiiweathercct sedimentary deposits Cc- 

ologists a ~ i d  geomorphologists often use soil 
tli~clzi~css in a way that is roughly sy~~o i iy i~ lous  
with rcgolitli thickness, particularly 111 the context 
of h~llslope or landscape evolution However, pe- 
clologists aiid so11 scientists ofteii use inore re- 
stricted cfefin~t~oii of soil, w h ~ c h  woulcf iiiclude the 
~17peri~1i)st, imost liiglily dlterect portioiis of the reg- 
olith but not saprolites or lowermost portions of 
weather~iig profiles We recognlzc tlidt soil diid reg- 
olith are not tlic sailie as '1 generdl proposition, but 
in the study area, they gciierdlly coincicle and are 
cicfi11eci as material overlyiiig the Cr liorizoii The 
latter 1s a weatl~erect bedrock layer, with intact 
structure, tabr~c, aiict hcdd~vlg of tlic rock Ci lio- 
rizons are often saprolite but are geiierdlly opci'1- 
tionally defiiicct 111 the field on the hasis of whctlier 
they can be brolzen or penetrated witli a spadc We 
prefer the term "regolith" heie because we believe 
the implications of this work are relevalit to w e ~ t h -  
erect nidiltles 111 gei~eraI 

This project is based 111 part oil siinple ergodic 
reasoniiig: If a slnall area of s i i l i i l~r  lithology, cli- 
m ~ t e ,  vegetation, and history is cl~aractcrlzccl by a 
steady state eq~lilibri~iiii  regolith thiclzness, then 
the thiclziiess should he i~iinimally variable where 
topography is const,tiit and ciircctly related to to- 
lxjgraphy otherwise O b v i o ~ ~ s  devidtioiis froin tliis 
(e.g , significa~it local variability and weak 1e1,i- 
t~oiisliips witli topograpl~y) iiid~catc iioiiec~uilih- 
rium In the study area, otzr edrl~cr  worlz (Phillips 
and Marloil 2004, 2005) revealed substantial van- 
ation in soil and regolith inorphology w1tl111-1 sinall 
areas of uniform geology Tliis led us to cluestion 
the concept of ec~~ i~ l ib r ium rcgolitll thiclzilcss and 
motivated this study Untai~gling tlie relative im- 
portance of various processes of cteepeniiig, up- 
building, and ~ c m o v , ~ l s  may c~llow the interpreta- 
tioil of regolith tllick~iess variatioiis iii terms of the 
i i~teract~i ig gcoinorpli~c, peciologic, and bi~logicdl 
pi occsses involved 

Theory 

Weatl~ering, Erosion, and Soil IJroduction. Us~i ig  
Minasiiy and McBratiiey's j 1999) iiotatioii, the soil 
production fuilction is 

Tliis ecluation st'~tes that regolith 17roductioil 
jtliiclzcr 11) depends 011 tlie weathcriilg rate jlow- 
erllig of the rock weathering front e )  and so11 ero- 
svoii, which is depcndeiit 011 the diffus~vity jD) a i ~ d  



slope curvature (o'z/ox'). Tlic deiis~ties of roclt and 
rcgollth (soil) are represented hy p,, p,. So~ize version 
of eclu~ltioiz (1)  is a staiidard model for regolith 
th~cltness, though more involved inoclels exist that 
incorporate more complex rcl,~tionships hetween 
wc,lther~ng and regolith tli~clziiess, advectivc '11id 
diffusive trdiisr)ort (or iiiultlple tr'liisport pro- 
cesses), 'liid v a r i o ~ s  v a l ~ e s  of D 

The fecclbaclt hetweeiz erosion dizd wedtlier111g is 
typically expressed by 

wlzcrc W is the we,ltliering rate, I-',, IS tlie p o t ~ i i t i ~ ~ l  
weatlzeriiig rate at h = 0 (exposed roclz), aizd 13 I S  

tlze ratc at which wedtlzeriiig dccrcascs as regolltlz 
tliicltiiess incre'lses. In soiiic cases, part~cularly 
wltli respect to clieizi~cal weatlzeriiig, the maxi- 
iizui~z ~ e ~ ~ t l ~ e r i i i g  ratc occurs where a relatively 
tlzin regolith exists, presumably because of the 
more reliable moisture supply. Ail cxalziple fu~zc- 
tion to describe tliis trend is (Alinert 1987): 

11 11' w = 1{)(1 + lz) - - - hi, h'j' 

wlzcrc 11, is the critical thiclziicss '~iid 1, \ IS J coil- 
stailt 11-1 ilzariy modeling sclieincs, a f o ~ i z i u l ~  s ~ t c h  
as e q ~ d t ~ o i i  (2)  is L I S C ~  wheii 11 5 11,; ~ t l i e r w ~ ~ ~ ,  
eclu,itioiz ( 3 )  or ~ t s  eclulv'llent is used 

Even wliciz deposition as well as erosion is '11- 
lowed, tliis conceptual model hinges on the as- 
sumption tli'lt hedioclz weatlzenng 1s tlie sole pro- 
cess of soil aiid regolith deepening. When forms of 
this model are used to estirn'1te soil productloii 
fui ict~o~is ,  ~t is also ,~ssuiiicd that 011/ot = 0 at 'I 

glvcii po111t ( I  c , steady state so11 tliiclzncss, Hciiii- 
5c1t11 et dl 1997, 1999, 2001). D'Odorico (2000) lias 
shown th'tt even tliis stc,idy state iizode11s ~ l i i i t~ lb le  
when h < h,, witli iizlnor ch,uiges resulting in ,I slilf-t 
to one of two preferled states (11 = 0 01 11 = 11,) 

This article w'ls iiiotiv,ltcd hy observations in our 
study area ot I o c ~ ~ l - s c ~ ~ l e  so11 vdr~abillty tlidt doe5 
not \eel11 consistent with ccluillhrium icgolith 
tlz~clziicss ,111d by evtdencc of tlzc i m p o i t ~ u c e  of h ~ o -  
iiiecliaizical pioccsscs iii adclitloiz to weathering 111 

regol~tlz deepeiiliig 2nd other aspects of rcgolttli 
c v o l ~ ~ t ~ o ~ i  (I'liillips ,~iid M,~iioii 2004, 2005) Thus, 
we '~doptcd A conceptual model ~iicorpor,lting bi- 
ologlc,~l processes more explicitly, whicli might ac- 
co~uiit for noiicclui l ibr~~~ii  thicltncss 
Soil Thicl~nes~ Model. The soil th~cltncss model 

of Johnsorr (1985, Joliiison ct '11. 2005) conceptual- 

izes soil thiclzness (T) '1s a function of decpcniiig 
processes (D), upbuildiizg ( ( I ) ,  and reniov~lls (10: 

Decpcniiig processes, iizclud~iig we~tlieriizg 'lt tlic 
bedrock we'~tlicr~ng front, tlziclzeii the soil froiiz tlze 
bottom dowizwdrd. U l~h~ l i ld l~ ig  tliiclte~is the soil 
from tlie top upward because of processes sucli as 
sediiiieiitation and organic matter ~ c c u i l i u l ~ t i o n .  
Kei~iovdls are most obvious at  the s~lrf'lce (erosioii) 
but 'ilso i i i c l~de  iziass lost b e c a ~ ~ s e  of leaching, vol- 
c l t i l l~L~t io~z ,  dizd other processes. Jol~i~soii ' s  work 
places '1 par t icu l~r  eiizplias~s on I ~ i o t ~ r l ~ a t i ~ ~ i ,  
whicli call ( '~~iiong otlier things) fu i~c t~o i i  as deep- 
ening process 'it the base of the b~omant le  (which 
~iiay, 111 some cases, correspond witli tlie base of 
the soil or regolltlz) and cllso call play '1 role 111 up- 
hulldlng via hiologlcal volume cxp~~izsioii (e.g., 
roots). Traditional geoii~orphological models por- 
traylilg regolith or soil thickness as an outcorne of 
the interaction of weathering and surface erosion 
can be viewed as 3 specla1 case of tlze soil th~clzness 
inocfel, wliere tlzc other processes in the latter are 
coiisldereci to be absent or of negligible ~ i n p o r t ~ ~ n c e .  

In iiiaizy envIro1iinents, bioturbatloii 'lizd otlier 
biological lnflucnccs oil soils and w ~ ~ ~ t h e r i n g  man- 
tles 'Ire sig~zificaiit and soinetiincs doiii111~111t (John- 
son 1990, 2002; Sch,~ctzl et '11. 1990; P'zton ct al. 
1995; V,lsenev aizd Telrgul1y'~n 1995; Leigh 1998; 
Balek 2002; Cahet et '11. 2003). Clvcn tliis aizd tlic 
fdct that previous worlz 11-1 tlzc study x c a  lias sliowii 
thdt biornechaizlcal processes arc critical 111 etfect- 
ing loc,ll vari~t ioi is  iii soil iiiorplzology ~ i i d  rock 
frC1giiiciit distributions (Plilllips and Marion 2004, 
2005), it m'1lzcs sense to iizcori~or~~te potential 131- 

ological effects in ally study of regolitli thiclziicss 
v'lriations. 

( 1 ~ 1 ~  LISC of the soil t l i iclt~ze~s iizodel will coiislder 
two ~ s p c c t s  of deepening: wc,ltheniig at the rego- 
Iitli/l~cdroclz lutcrf'lce or weatlieriizg frolit ( W) cliicl 
deepening hy hioturb'lt~oil (H; c.g., root i~ivltsion of 
bedrock frc~ctures or f , l u~ ia l tu rba t~o  of weatlzercd 
rock). These are izot, of course, independent, give11 
that ilzucli cliemical weathering is hiologlc,llly fa- 
cilit,lted diic1 the role of weathering 111 precoizd~- 
tloiilng rock tor rooting ,lnd burrowing. Uphullding 
is coizsidcrcd to be potcntl'11ly l~iilted to surface sed- 
iiizerzt c~ccietion (A),  org'lnic m,lttcr ~lccui~~ulat loiz 
( O ) ,  'lnd volume cxp,rnsion ( V )  due to I~io1ogic~ll pro- 
cesses sucli '1s loots 'iiicl h~trrows Our consider- 
ntioii of rcmov'lls 'illows for surfdce removals due 
to trailsport by erosion (water being tlic most lllzcly 
agent 111 tlie stucfy 'lred) a11d 111'1s~ w'lst~iig ( E )  dnd 
consu~izpt~oii hy fire, ~ p t ~ ~ l t e ,  ~11d hC~rvesting (C,,,,,). 
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Subsurface reinovals can be siinmldrly categorized 
'1s a result of transport such '1s lcach~ng or prpc 
croslon (L) or consumptton such as volat i l~zat ioi~ 
or ~ lp take  (C,,,,,). Note that 's~~bsurf~zce inass ren1ov- 
'11s w ~ l l  not r e s ~ l t  111 voluine or tl11c1zness reduc- 
tlons unless they 'zre ciss~jciated with se t t l~ng  or 
collapse. T h ~ s  IS not neccssdrlly the cdsc because 
~sovol~unct r ic  wcatlzer~ng can occur, where the loss 
of ln'iss 111 s o l ~ t i o i ~  is not accompan~cd by surface 
lower~ng (CleLzves et dl. 1970; Cleaves 1993; Ollier 
and Parn 1996). Symhol~cally, 

Assessing Thicliiless Processes 

The b a s ~ c  approach IS to  link the terms in ecluatlon 
(5) to field ohservat~ons. Because the processes 
tlieinselves cannot he d~rect ly ohscrved, the lzey is 
to detcrin~ile what type of signatures or funct~onal  
relationsh~ps would be ,~ssociated with the opera- 
tion of a glvcn process. 

Rego l~ t l~  deepening by weather~ng at  the wcdtli- 
cring front (W)  IS ~ndlc,ited hy weather~ng p r o d ~ ~ c t s  
(e.g., iro11 ox~des  and othcr seconciary minerals) and 
the development of saprolites or Cr (w~dthered  bed- 
roclz) hor~zons Decpeu~ng due to h i o t ~ r l - t ~ ~ t ~ o n  (13) 
would be ~nd~c~ l t cc l  by evidence of b~ologic,il ~ n -  
struslons s ~ i c h  as root growth and an~m,zl burrows 
Into CI horizons and bedroclz. 

If ul-tbu~ld~ng ctue to surfczcc ,zccrction ( A )  asso- 
c ~ ~ z t e d  w ~ t h  scd~men t  d e p o s ~ t ~ o n  is a s~gil~ficant  pro- 
cess, there sho~ild be a systelnatlc relCltionsh~p he- 
tween regol~th th~clzness dnd topography, wlth 
th~clzcr regol~tlzs 11-1 topogral-th~c p o s ~ t ~ o n s  where de- 
poslt1o11 is lilzcly or at least possible. Bcc,lusc 
,1coli~i1 inp~l t s  111 the study '1re,i 'Ire I ~ I I I O ~ ,  the suit- 
'iblc topog~aphlc settings woulct include dc- 
prcsslons, toeslopes, 'znd low-slope and low- 
clevci t io~~ ;Irecis 111 general Where such deposition 
is r ~ p ~ c l  or recent, add~tlon'zl evidence such as strat- 
ified surf,lcc dcpos~ts, curnulic su~face  hor~zons, 
litl~ologic~zl discont~nu~tles ,  sh,zip textural con- 
tr'lsts, 'z11d other evidence nldy also he present. Up- 
b u ~ l d ~ n g  ciuc to ,tdd~trons of organlc m,ttter (0) can 
occur as l ~ t t e r  1,zycr ,znd 0 horizo~ls th~clzen. Al- 
though the coi111~1ncci thiclzness of l ~ t t c r  and 0 110- 

rizotis w'zs me,isurecl, this process has no direct 1111- 
~ d c t  011 the regolith tlirclzi~ess d a t ~  bcc,r~isc the 
ldtter ~ ' 1 s  n ~ e ~ i s ~ ~ r e d  reldtrve to the top of the SUI- 

ficial ni~l~er ' i l  1,lyer (A horizon). Volume cxpanslon 
(V)  n1dy oce~ii  in conjunction wlth the i~ivasioii of 

roots and w ~ t h  '11ii1nal burrowing. Root conccntra- 
t ~ o n s  and pore space arc ~ n d ~ c a t i o n s  of t h ~ s  process. 

Surface rernovals by croslon and inass wasttng 
(E)  woulci he topogral?l-irc~zlly controllecl and asso- 
ci'lted w ~ t h  steeper slopes. Regolith tliiclzness that 
1s srgn~ficantly influenced by eroslon should be sys- 
tematlc,zlly related to slope gradic~its or curv~zture. 
Recent or r a p ~ d  eroslon indy also he ~ndicated by 
features such as erosi011 pCzve~ne~its,  rills or g ~ l l l ~ e s ,  
and truncated so11 profiles. 

Subsurface removals (L)  by lcach~ng typ~cally re- 
sult In tsovoluinctr~c weathering 111 h u m ~ d  sub- 
tropic'il cllinC~tes (Cleaves 1993; Pa111 ancl Olller 
1996). The bulk delislty of the lower rcgolrth ( C  
'ind Cr horizons) IS typ~cdlly about 1 35-1 7 g el11 ' 
in C and 1.7-1.9 g cnl ' 111 Cr horizons (So11 Survey 
Staff 2004). Bulk dens~ ty  of the u~lder ly~ng roclz, 
based on 46 speclfic gravlty tests on saniples of the 
Atoka and 23 of the J~iclzfork Sandstone formations 
( two of the three formatiorls underly~ng the study 
sites), IS 2.57 g c1n ' (Klinc 1999). The  difference 
~ndicatcs soine renloval that 1s assumed to he dom- 
~ n ~ z n t l y  assoclatcd with weathcr~ng and leachmg. 
However, ~f the rock f ah r~c  IS eviclcnt 111 these layers 
(as ~t is 13y definrt~on 111 Cr horizons), this suggests 
that the rernov,ll has not resulted in any collapse, 
that the wcather~ng 1s isovolumetnc, and that this 
process does not leeid to ciecreases In regol~th th~clz- 
ness. Subsurface or surf'ice consumpt~on (C) of 
mass hy fire, uptalze, 'ind so 011, a ~ p l ~ e s  to org'inic 
matter. Because the org'inlc matter content of the 
rn~ilcr'll hor~zoils of soils in the s t ~ ~ d y  area IS less 
than 2% in ,111 sd111ples tested 2nd less tha11 0.5'X) 
111 many c~ises, we assume that this process 1s not 
s~gnificant ~n the study ared. 

Study Area 

Study sltcs are in the Ouachrta M o u i ~ t ~ z ~ n s  within 
the 0~1'1chrta National Forest 111 Arlz~znsas (fig. 1 )  
'111d hdve been clescrihcd 111 detail elsewhere ( P h ~ l -  
1117s dnd Marlon 2004, 2005). The O u ~ c h ~ t ' i s  are 
character~zed by 1~~irczlle1, ~'1st-west-trending r~ciges 
and Intermontane has~ns ,  w ~ t h  ndgetop elev'ztlons 
ranging from 230 to 850 in a.s.1. The hecirock 1s 
colnposccl of extensively f'zulted and foldect Palco- 
z o ~ c  sed~nlcntary roclzs originating from a v'zricty 
of in'lrlue sources (Stone ,uld Bush 1984). The  strata 
ale tyl-t~c~illy ~ l t e r n ~ ~ t ~ n g  layers of saildstoi~c and 
shale (Jorclan et dl. 1991) alot~g with lesser amounts 
of clu,lrtzlte, novaculite, d i~d  chert The regio~i wds 
uplifted and cxtenslvely tccton~cally cteformcd 
from the iliidctle I'ennsylvan~~in through the Perm- 
id11 (Stone dilct R ~ s h  1984). S~ihderldl erosion hds 



Sample Site Locations 
Scale for site location maps - RF 1 :55,000 

'4'0"W 

Geologic Formation 

Pam - Atoka, Middle Part 

Pal - Atoka, Lower Part 

e Sample site Pjv - JohnsValley Shale 
*" Stream Pj - Jackfork Sandstone 

- - - - - - - - - -  .......... Road (gravel) Ms - Stanley Shale 

Figure 1.  Study alea s h o w ~ n g  locatloiss (4 the study plots and the  undellylng gcology 
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lilzely been ongoing sriice tlie M~dd le  Peniisyl- 
vanldli. 

Sample sltes are withiii three lithologic ~liiits:  the 
Stanley Slidle, Jc~clzforlz Sandstone, '1nd lower Atolza 
Forniation. All three unlts arc common 111 tlie 
Ouachit,i Mount,iins. They are sili1ilar 111 that they 
'ill consist of steeply d ~ p p ~ n g ,  cxtens~vely faulted, 
lnterniixed beds of fine- to r n e d ~ u ~ i ~ - g r ~ ~ n e c t  saiid- 
stones c ~ i i ~ I  fiiic-grained sliales. The foriliatioiis d ~ f -  
fcr In age and in tlie re1,ltive proportions of each 
roclz type (Jordan et '11. 1991; McFarland 1998). Ex- 
posed shales arc deeply weathered and liiglily ero- 
ct~hlc, whereas tlie saiidstones are i~otiee~lbly less 
altcrecl 'ltict morc dur'~ble. R~dgctops are composect 
of the morc resistant s'incfstoiies, cluartzitcs, diid 
iiov;iculttes. Sideslopes arc often undcrla~ii by 
slicile, witli saiiclstone outcrops common. 

Soils are etescr~bcd iii detail elsewhere (Pliilllps 
and Marion 2005). Tlie single inost coininon serlcs 
~lldpped at the study sites is the Slicrless (Typ~c  
Hapludult), which is forincd in sliale-doinlnatcd 
parent material. The 111ost c o ~ ~ ~ ~ i i o i i  series forined 
in sai~dstone-dominated sites is Piruln (Typic Ha- 
pludult). Climate in the study area is liumid sub- 
tropical. All sanlplc sites are forested. Current for- 
est vegetation consists of oak-hickory (LC., 
liarctwood dominatect), shortleaf pine (pine domi- 
nated), 2nd oalz-pine jn~txcd pnc-l-rardwoocl) forest 
types. 

Methods 

S~lmple Design and Data Collectiom. The sanlple 
ciesigil WCIS j>drtly deter111111ecI by the role of t111s 
work w~t l i in  '1 broader study of the silvicultural, 
ecological, and pcdological effects of forest tnan- 
,~gcmc~i t  dncl ecosysteim restoration pr'lctices in 
connectton w ~ t l i  efforts of the USDA Forcst Scrv~ce 
to restore tlie sliortlc,lf p~iic-hluestem comiiiuni- 
tles tlldt were coInilioii 112 the O ~ d c l i i t ~  N~t tond l  
Forest at the t l i l~c  of Europedn settlcmei.~t. This 
s,liiiple design has hceii ctescril-tcd hcfore (Phillips 
,111d Marion 2004, 2005), 2nd tlie 16 sdiliple plots 
i ~ i c l ~ d e  10 111 the i~iixecf pine-hardwood stducts that 
have geiierally rej-tlaced the p~i ie -b l~es te i i i  S'IVJII- 
rids, two harctwood-domi~i~itcct sites, a~ict two 
closed-canopy ~31i1e-cIo11lliiated sites. In acidition, 
one plot was establislied 111 the Ouachit~l N'itional 
Forest's closest ,ipproximat~oii to a pre-E-trropcaii 
pine-hluestem commun~ty ,  produced 2s a by- 
product of morc t1i;tn 2 dec'ldes of co~itrollcd burn- 
ing to opt im~zc  l iah~ta t  for the red-coclzcldcd wood- 
pcclzer 'liid one in a pine-dominated st'lnd identifiecf 
by the Forest Serv~ce as ~~ildist~irl-tec~-sievcr 
cleared, huriicd, or dct~vely managed. Tlie plots are 

circular, with a 20-in radlus (-0.13 11,i). Most plots 
have southern aspects, the exccpt~oiis h e ~ n g  the 
hardwood-dom~natcd and closed-caiiopy pine- 
doiiiiiiated s ta~lds  because these forest types arc not 
foui~d on soutlierly aspects. All are on s~dcslopes, 
with tlic exception of oiic that is on a iiiliior 
ridgetop. 

Three so11 pits wcre excavated witli a baclzhoe dt 
each of the I h plots ( two plots w ~ t h  high clegrccs 
of topographic variability had four pits). Twenty 
"postliolc" p ~ t s  wcrc dug by hdiid at  each plot. 
These are 10 pdirs rel3rese1itlng ~011s ~lncierlyiiig 
coarse, woody debris and tminedidtely ~~d jacen t  
nondebris sltes (carbon 2nd iiutrieiit contents of 
these saiiiples will be comparcct 111 separate stud- 
ies). In this stucfy, tlie s i ~ i ~ ~ l l  pits are t r e ~ t e d  si~iiply 
as paired samples. The  pairs werc geiicr,illy within 
1 111 of each other hut occasionally slightly farther 
away to avoid roclz outcrops or trees. The  pairs wcrc 
deliberately selected to be  delit tical in slope, to- 
pographic curvature, and elevat~on (within 5 cm) .  

Racklloe pits, each a mlniiiiuiii of I m wide and 
2 in long, were dug to or below hcdroclz. The  post- 
hole pits typically consisted of approx~inately clr- 
cular pits about 30 ciii in diameter. Most pits ex- 
teiicfed to bcctroclz or '1 lithic or paral i th~c coiitact; 
111 s0111e cases, actditional aLlgeriiig was iiecessdry 
to sample the er i t~re regolith thiclzness. Tliiclzness 
15 iiicasured as the distalice frotn the top of the 
iiiiiier,il surface (A horizon) to tlie top of a R (bed- 
rock) or Cr (wc,ithercd l-tcdroclz) horizon. Cr 1ior1- 
zons 111 tlie study area are essciit~ally saprolite. Al- 
tliough Cr is weathered 'lnd softer than liltact 
bedrock, it retains the structure, f'xbr~c, and dom- 
iuaiit color,ltlon of the parent roclz. Measurements 
were 11i~icfe ~ ~ s i i i g  'I foldi~ig r~ i le r  directly on tlie dc- 
scribed pit faces or in tlie postliolc pits. The  ldrgc 
p ~ t s  werc dcscr~bed uslng staiidard USDA mctliods 
,ind procedures (So11 Survey Llivssion Staff 1993). 
In the posthole pits, the dcptli diid secluence of 110- 

nzoiis wcre recorded, along wtth the texture ,~nct 
Munsell color of the A <ind upper E lionzo~ls, roclz 
fr'lgii~etit content of the R horizon, ;incl depth to 
bedrock or a litlilc or pardlitliic co~itact .  Stoiie liiies 
and stolle zo~ies, reet~x f ~ ~ l t ~ l r e s ,  2nd buried orgdnic 
i i~ ,~ t t e r  were sys t cn~a t i c~~ l ly  recorded ~f cncoun- 
tered The gencrcil lsthology of rock fragments was 
dctermliied I-ty l-t~ealz~ng at least five fragments per 
pit with '1 geological harnmer. 

Underlying geology w,ls assessect in three ways. 
I leta~lcd 1 : 24,000 scdlc geological field iiiaps were 
obt,tiiied from the Arlzaiisas Geological Cornmls- 
sion. In the posthole samples, tlic lithology was 
rccordccf on the h;isls of sllatcrial encountered at 
the l ~ t l ~ i c  or p~ral i t l i ic  contact and was shale or 



sanclstone in every cdse. In the full so11 polnts at 
each site, interheddiug of shale and s'lndstonc (and 
occasionally c l ~ ~ ~ l r t z )  coulcl '11so be ohserved and 
recordcd. 

Detailed topographic surveys of c ~ c h  plot wcre 
inadc with a total station or laser level anct prisilz 
rod. Add~tioi~dlly, the $101)~ gradient and aspect at 
each so11 pit or posthole p1t pair was independently 
recorded using '1 compass and clinometer. Digital 
elevation models JDEM) and topograph~c inaps 
werc compiled uslng Surface 111 (Kailsas Geologicdl 
Survey 1994). Survcyccl points wcre converted to a 
square grid us i i~g  distC~nce-weighted ~~vcraging and 
'I nearest-neighbor se,lrcll. Slope gradients for e'1cl1 
node werc calculated on the b a s ~ s  of the c ~ d l c ~ c ~ i ~ t  
node w ~ t h  the greatest elevation difference. Cur- 
vature was calc~11'1ted as the second der~v~l t ive  of 
slope. 

Data Analyrir. The relatioi~ships betweei~ reg- 
oltth thiclzi~ess and topography were assessed by 
regressing thiclzncss against slope gradient, eleva- 
tion, and slope curvature. Because the sample pairs 
of posthole pits were chosen to be idelltical in terms 
of elevation (within 5 cm), slope gradient, and slope 
curvature, each 13'11r of soil pit5 IS ' ~ s soc i~~ ted  w ~ t h  
a siilgle v,iluc of slope gradient, curvature, and el- 

evation. Data analyses werc coi~ducted separately 
for the coarse, woody debris pits and thc paired 
coi~trol pits for the entire data set dild for the mean 
thiclzncss ot the p'lirs. Results of the ldtter are pre- 
sented here because no clualit~tive d~fferenccs or 
differellccs 111 whether results werc statist~cdlly sig- 
i~ificant were ohtailled wit11 the ct~ffcreilt dependent 
~ ~ ~ r i ' l b l c s .  The elevation variable is normalized to 
the center of the plot so that regolit11 thiclzness is 
compared wit11 the relative elevation witlzii~ each 
plot. Statistical sigrl~fic~lnce is reportect for the 95'X) 
(a  = 0.05) level. Evtdence for the deepening, up- 
hullding, dild r e ~ n o v ~ ~ l  processes was discerned 
froin the profile and pit descriptions. 

Results 

Regolith Thiclznes\. Kcgol~tll thiclzi~css In the 
study area ranged from 0 (rock outcrops) to 183 cm. 
Because we clid ilot saillple roclz outcrops or thin 
veneers over rock, the range of thiclzness 11-1 the data 
1s 15-183 cin. As ,I result, statistical summaries 
sllgl-rtly overestimate 111eai1 regolith tlziclzncss and 
~inderrepresent the varlahility by e l i i ~ l i i ~ a t ~ n g  sites 
w ~ t h  thiclzness <15 cm. For the entire data set, 

Table 1. S~~nln la ry  of Kcgolit11 Th~clzness Trends by Study I'lot 

Plot M C J I ~  SD K'III~C MPD Comments 

,320Op4 82 4 1 1  5 58-104 7 8 Sl~ght tcndcncy f o l  tl-nclte~ ~ e g o l ~ t h  on 
gentler slopes '111~1 convex~t~es ,  th11111cr 
011 COIlC'lVltles 

3 8 2 6 ~ 2 8  61 4 14 2 18-92 12 6 Mostly s'lndstonc p ~ r c i ~ t  rndtcr~dl 
4 0 2 5 ~ 4 0  54 4 8 4 47-7 1 7 7 
?I 1 00p 1 X i  5 14 5 54-123 18 i Slight tendency for tliiclte~ regol~th on 

COIlCdVltiCS 
3000p2 83 9 22 5 37-125 16 5 Sl~ght tendency for th~clter ~cgoli th 01-1 

h~gher  elcvat~ons, five sc~ndstonc pedons 
'Ire th~nncst  on slte 

34281734 59 4 9 6 47-87 10 2 
35141712 53 0 8 0 38- 7 1 8 6  Sl~ght tendency for th~ckcr  rcgol~th on 

gentler slopcs 
35 14pX 64 0 1,3 4 48 98 6 7 Sllght tendency f o ~  thiclzer regol~th on 

gentler slopcs, e ~ g h t  sancistonc pedons 
ge~~erdlly thinnei than others 

3912p10 60 1 9 0 42-80 7 6 5cvcn sandstone pcdoni thinner tl1,in 
  no st others 

3 6 2 7 ~ ~ 3 4  74 9 20 7 44- 122. 19 3 Some tendency for thicltci rcgol~th on 
gcntlc~ ilopcs and on convcxlt~cs, thin- 
11e5t 011 COIlC'lVltles 

Ilardwootl 1 55 5 12 4 3 5-73 5 9 Twelve sdndstone pcdons sl~ghtly th~nner  
111 gencr'11 tl1~111 c ~ g h t  s11'1le 

Iiardwooci 2 71 ,3 14 0 40->I 18 16 4 Four th~cltest pcclons ~ncludc two 
sandstone 

AC 1 55 9 12 4 37-85 12 0 
Fl'lttop i 5  9 I 0  1 41-77 8 0 Gcner,~lly, thicl<er s o ~ l s  on gentlest slopcs 
l'otcai~ control 62 4 20 ,3 15-78 15 2 Shale pedons th~cltcr tl1,111 sanilstone 
Pine-hlucstem 75 0 8 i i 7  89 9 5 

Note  All nulncr1c.11 v , ~ l u c i  III Lcntllnctcl\ $13 = \i,lnd,lrd t l c v ~ , ~ t ~ o n ,  Ml'13 = me,ln d l t t c~ence  hctwccn p a r e d  \.tlnplc\ 
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Figure 2. M c ~ n  rcgollth th~clzncsi (avclagc of pallet1 
s,lu~~plcs) plottcd agaln5t ilopc glactlcnt 

ineaii th~clzness IS 65 c111, with '1 standard deviation 
of 16.8. 

Table 1 shows regolith tl~iclzi~css tendencies for 
each plot. Withiii a giveil plot, regolith thiclznesses 
of illeasurcd pcdons varied hy 30-88 cin wl-~ei~  coin- 
p.1r1ng the tl-riclzcst aiid thinnest saiilples. This rep- 
resents coilsiderahlc v,irlation, consldcrtng the 
sinall ;Ireas of the plots, tlic range relative to typrcal 
thiclziicsscs, .tilei the fact that some plots actually 
h'lvc m i i ~ i m u m  thiclzilcsscs of, or ,~pproachii-~g, 
zero. The standarci deviatloils wcrc gelicrally 8-20 
cm. Highly localized variab~lrty in regolith t l~~c lz -  
ilcss is iiicticatcct hy the differci~cc hetweeil the 
p,~lrcd s,ulil~plcs, whicll were gciier,tlly a meter or 
lcss a p x t  111 idelltic'll (except with respect to 
coarse, woody ctehns) settings. Tile mean differelice 
betweel1 'ldlacei~t p ~ t s  1s 11.4 cin, witli a standarct 
d c v ~ ~ i t i o i ~  of 10.9. In 60 (of 160) cases, the difference 
is i clii or less, while in 29 cases, the dlffcrci~ce is 
20 cm or more. The thicltiiess dlfferctlce between 
~ d l ~ l c e n t  p;i~rs railges from 0 to 62 cn1. Tl-te corrc- 
lation hetwcci~ the s,linple pairs is statist~cally sig- 
nlficaiit but surpr~siiigly weak (li' = 0.,38), give11 
tliclr ,~djacency. 

111 general, the v,iriability in tl~iclzncss over short 
d ~ s t ~ ~ n c ~ s  '111~1 s i ~ ~ d l l  'ireas IS s~ lgges t~ve  of 11oi1- 
ecl~~il ihr~urn.  A few gcilcr,ll trends 'Ire '1pl-t;irent from 
the comiiiei1ts 111 table 1 Thcrc 1s soinc tci~dcncy 
in some plots for th~clzcr soils to be ,rssoclLitect wtth 
gentler \lopes 'ind vice versa. These iclatioiish~ps 
arc generally w e ~ k  dlld noisy, howevcr, arici iiot 1 3 ~ ~ -  
sent in every plot. In some plots, tllcrc is ,rlso cv- 
lctcilce of w e ~ l z  rel'ltioilshlps witli slope coi~vexity/ 
coilcavlty, hut these dre spotty ~11d i11coizsiste~tt. A 
second t rc i~d  1s '1 general te~iciei~cy for ioils for111ed 

in sai~dstone parent mdter~al  to be thinner thdil 
those formed in shale. 

Topographic Relationshipr. If regol~tl? thiclzness 
1s significai~tly ~nfluenced hy remov'ils froi-n upper 
slopes and deposition In depresslolls ciilcl lower 
slopes within plots, ,I sigilificaizt relat ioi~sl-~~p he- 
twcciz tlziclzncss m d  clevatloi~ would be expected. 
The correlation between regolith tl~iclzi~ess , ~ n d  el- 
cvatlon for the entire data set shows 110 sigi~ific,lnt 
rel~tioilship over the roughly 200-in clcv,ition 
railge (not sl~owil).  For each plot, regolith thiclzness 
w'ls regressed agaiiist elevation relatlve to the cell- 
ter of the plot. There werc no stdtisticdlly sigiilfi- 
c'111t relat~oi~ships.  

A relatloiishlp betwecii slope gradieilts and 
thickiless would bc expected if  erosioizal or illass 
wastiilg removal is an irnportailt coiltrol of thick- 
ness due to the well-lznowi~ relationships between 
inass wdsting, water erosion, 2nd slope gractients. 
Although soiile individual plots showeci wcalz re- 
lationships hetween slope and regollth tli~clzrmcss 
(see table I ) ,  the highest coefficients of deterini- 
nation wcrc I?' = 0.47 ailci K' = 0.35. All other val- 
ues were lcss than 0.20. Average thiclzness for each 
pair of sainples I S  plotted against slope gradient in 
figure 2; there IS no stat~stically s~gnificant rela- 
t ~ o n s h ~ p .  The saint results werc obtained using the 
~ i id iv~dual  sample values. The  saiiie gcilcral results 
werc obtained whether using slopes ineasured in 
the fielei wit11 cl~nometers  (presented in fig. 2)  or 
slopes calculated from the DEM. 

Slope curvature (rate of change in slope gradlent) 
iilay be more closely rcl'lted to tlzc illass halance 
at '1 r)oiilt th,lil to s t c ~ p i ~ c s s  or grC~diei~t ,  but there 
was also no s t ~ ~ t i s t i c ~ ~ l l y  s ig~~ i f i ca r~ t  r ~ l ~ ~ t i o i i s h i p  be- 
tween regolith thiclz~~ess and curvature. The  rela- 
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Figure 3. Ilcgol~th tll~clz~~csi plottcd dg~111it slope 
cLlrvcltLIre 



Table 2. Lkpth to Rcclrocl< {cm) for Sample 1'1t I'air5 

1)cpth values 

Slope seg~ncnt Mean SD 12 

Convcx 69 7 1 9 <3 3 4 
Stlaigh t 62 i 14 8 X 2 
Conc,tve 66 4 17 1 44 

tionship for the entire data set (usirlg the average 
tliiclziiess value of each pit pair) IS show11 111 figure 
3 Tlziclzness versus curvature regresslo11 a~zalyscs 
were also prepared for each ind~vidual plot, with 
lineal, cxpo~leiitial, power fnnct~on,  and sccoi~d- 
order polyiioinial fits attempted In 12 cases, there 
was 110 statlsticdlly signlficaizt re1atii)nshlp I11 onc 
of the other foul cases, the best fit lilie was a izeg- 
ative llnear trend [thlclzncss decreaslizg as curvd- 
turc increases) and in anotlici a positive llnear 
treizd. I11 a thlrd case, tlie best fit trend was a pos- 
itive exponential, and the fourth was a second-order 
polynomial, with thiclzizess decreasing up to a cur- 
vature of about 0.15 and lncreasliig thereafter. Wltlz 
the exception of the polyno~ulal ( I i L  = 0.7), all co- 
cfficlents of determination were <0.45. 

Each pair of plts was also classified 111 the field 
as occurring on convex, straight, or coilcave slope 
segments. Mean rcgolith th~clznesscs ainong the 
three groups showed no  statistically significant clif- 
ferciices according to a t-test (tahles 2, 3) .  

Litlzology. TThc geological framework of the 
study plots is show11 in table 4 (see also fig. 1). All 
the ll~apped foriziatlons (Staliley Shale, Jacliforlz 
Sa~zdstonc, and lower Atoka formations) coiztain 
both shale a i ~ d  sandstolle strata. The percentage of 
tlie soils 011 tlze ~ l ~ t s  assoeiatecf wltli ~ilderly111g 
shale varles froin 35% to 100'%, with only two plots 
dominated by saiidstoi~c rather than shale (3826 
p28 and hardwood 1 )  Dlp angles recorded on the 
geologic,il map reflect the oftcn steep aild liighly 
variahlc dip5 iiz tlzc regton, raiigiiig fro111 20° to 65' 
for the study plots aild al~l~roacliiizg vertical In tlie 
stucly vi~ii11ty illore generally Strilzes are gcilerally 
80"-85" tlzo~igh locdlly var~dble 111 the vicii~ity of 
the numerous faults in the reglon The  role of local 
I ~ t l i o l o g ~ c ~ ~ l  aild structural variability clicl not he- 
come apparelit until late iii the data collection, and 
the dip or orieiztation of uiidcrlylng strata was not 
i~icasurccl in so11 pits ,it 10 of the plots This was 
iiieasured at the pine aizd hardwood plots, as well 
as the plue-hlucstciii aiid P o t e ~ ~ i  coiltrol plots Ta- 
ble 5 sllows that tlze orieiit,itloiz of bedding often 
vdries ~ubstaiitial1y at tlze plot scale 

Mean regolith tliiclzness for the 238 pits In solls 
forlilect 11-1 clolniila~itly shale parelit material was 

greater than that of the 82 pits where the ~ a r e i l t  
material 1s domiizantly saizdstoiie 166 vs. 55 cm)  
This 1s coiisistent with tlze general observation of 
tlziiziicr regolitlzs on sandstone-derived soils 111 the 
plots where both parent lnaterlals werc present 
(though note the except1011 of the hardwood 2 plot). 
The difference wo~~lc l  be even more pronounced if 

outcrop sltes ~ r c r e  sdrnpled kecause these were prc- 
doizlinantly sandstone (otliers were quartz or otller 
metamorphicsJ. 

Sailcistone surface fragiiicnts were coininon at ev- 
ery slte, eve11 ~f there was no sandstone 111 t11e UII- 

dcrlylilg hcdroclz. This iizdicates ruass wastlng of 
sandstone from tlzc ndgctops to the sldc4opes. All 
soils saiziplcd 011 shale hact some degree of vertical 
textural coiitrast, typically with loain A horizo~is 
and clay loaizi or silty clay loail1 Rt horizons Tlze 
C lzorizons are allnost always the saiizc texture as 
B horizons and were dlstiizgulslzed from the latter 
mainly on the basis of the prescizcc of recognizable 
reinnants of shale, inassive rather than subangular 
bloclzy structure, and the absence or scarcity of clay 
fil111s. 

Three coiizinon features of the shale-derived soils 
are tlie presence ot clay films 111 the Bt lzorizons, 
incflcating translocation; a lack of texture contrast 
between the Rt and C horizons; and the prcseilcc 
of sandstoile fragments at the surface aizd often 
tllrouglzout the profile even lf  there 1s no sandstone 
111 the uizdcrlying parent mater~al .  The roclz frag- 
ilients in the solum lack beelding or consiste~zt on- 
ciztatlon, indicat~ilg that they arc izot siinply in- 
herlted from the parent roclz. Together, these 
lncticatc a significaiit role for upbuilding because, 
111 inaizy cases, the ndgetop sandstoiles arc the only 
plausible source of the coarser surficial material 
aiid sanctstone fragments. Weatlzcriizg of these 
clasts, plus '~ssoclated saiidy debris, lilzely accounts 
for the loailly surface layers in sods otherwise 
formed from shale. If surface-clown translocatlon of 
clay w ~ ~ ~ t h e r e d  froim tlie parent lndterial werc the 
prliiiary source of clay in the Bt horizoiis, tlic ar- 
gillic horizons sl~ould be sigiiificantly filler aizcl 
lzave higher clay cotitelit than the C horizons, but 
thls 1s not the case 

Table 3.  Signlfi~ancc Test5 for L>cpth to Bcdrocli 

Test for slgnif cant 
~Iiftcrcnces 

Slope scgillcnt i statlitlc df Significa~t: 

Convex versus 5t1alght 0594 114 No 
Convex vcrius concave 4353 76 N o 
St~~light versus ~ o n c ~ ~ v c  2125 124 N o 
Note cii = degree5 of tlccclom 
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Table 4. Geology of t h c  Stucly I-'lots 

Plot 
Lltllology 

Format ion D I ~  postholes ( ' X I )  Pits 

3 2 0 0 ~ 4  
3 8 2 6 ~ 2 8  
4 0 2 5 ~ 4 0  
3 1 0 0 ~ 1  
,3000p2 
3 4 2 8 ~ 3 4  
3514p12 
, 3 5 1 4 ~ 8  
39121310 
3 6 2 7 ~ 3 4  
Hardwood 1 
Hardwood 2 
AC 1 
Fl'tttop 
Pine-blucstein 
Potcau control 

M s  
M s  
M s  
M s  
M s  
M s  
Pi 
Pi 
P j 
PI 
I' j 

M s  
Pi 
Pi 

Pal 
Pal 

100 s21 
70 ss, 3 0  s h  
9 0  s11, 10 s s  
100 s h  
75 sh,  25  s s  
8 0  sh, 21) s s  
8 5  sh, 15 s s  
5 5  sh, 45  s s  
6 5  sh, 35 ss  
6 5  sli, 3 5  s s  
6 5  ss, 3 5  s h  
6 0  sl-1, 4 0  s s  
9 5  sh, 5 s s  
9 5  sh, 5 s s  
90 sh,  10 s s  
5 5  sh ,  45  s s  

SOLIILC M,ipped for in~t ioni  '~nd d ~ p  ,rngles from lloles, N~inrod SE, a i ~ d  Paron SW <)ucidr~nglcs (C:eoIo,yyy) 1995 Little Rock, Ark 
Ccol Comm , scale 1 24,000, La~nbcrt conformal c o i ~ i ~  projection Ui~p~~hl i shed  CoCeoMap Project field nl,ips by C Stone dnci B 
Hdey O n  file at Ark'lnsai Geologi~al Con~mission, 3815 West Roosevelt Rodd, Little Kocli, Arlianias 72204 
Note Tlte study ~ncludes m,ippcd formation, dip angles, and the lithology of posthole sClmple\ (percent of samples wlth dominantly 
shale or sC~nctstone Cr 01 R horizons) and full-iizc soil points (l~thology as observed in p ~ t s )  Intcrhed\ arc l~stcd wlth the domlilant 
hthology first (e g , sh w/ss = shale wit11 interhcddcd sandstone) Ms = Staltley Shale, PI = fackfork \andstone, Pal = lowcr Atolila, 
sh = shale; ss = sandstorte; clz = cl~lartz 

Analysis of rock fragment distributions iiidicatcs 
tliat vertical inixiiig of the soil is extensive, with 
tree throw and the downward rnoveilleilt of mass 
Into tree stunip holes bemg pC~rtlcularly lillportailt 
(Phillips and Marlon 2004). T h ~ s  can account for 
the presence of enough sand and s ~ l t  in Bt and C 
horizons to give a clay loain texture. 

Pedogenic Development. The depth to the top of 
B horizon ( = thiclzi~ess of A and E lior~zons) is plot- 
ted agaiiist regolith thickness in figure 4 A positive 
relationship would suggest a strong role for up- 
building and/or for processes sucll as vertical trans- 
location or faunalturhation that would tend to in- 
crease A and E horizoii thickne~ses as significant 
cteterininants of regolith thiclzi~ess A negative re- 
lati~nshir) w ~ ~ u l d  indicate erosloli (profile trunca- 
tion) However, there is no ~igiiificaiit relationsh~p 

Lisetskii (1999) suggests that the ratlo of total B 
horizoi~ thickness to that of total A and E horizon 
tl~ickness is an index of pedogenic development 
When t h ~ s  index is calculated for the study area 
soils and plottect against regolith thickness (fig. 5), 
the relationsh~p is statistically significant but 
weak 

The development of I3 horizoiis and their depth 
is likely to be ~lifluenced inost strongly by eluvi- 
atioi~/illuviation processes and/or by mixing in a 
surficial biorliantle The weak relat~onship he- 
tween regolith thiclziiess diid peetogenic develop- 
iuent suggests tliat varlatioiis In thiclzness are not 

controlled by pedogen~c processes in the soluiii or 
upper regolitl~. 

Rioturbation. There is no strong evidence of 
plot-scale effects of vegetation cover on regolith 
thickness. The iilean th~clznesses for the two 
hardwood-doimiiated, four pine-dominated, and 10 
mmxed pine-hardwood plots (63.4, 62.3, and 68.3 
c n ~ ,  respectively) dld not dlffer significantly froin 
cach other or the overall meail value (65 cm). 

The sample plots contained 21 tree throws, de- 
scribed in inore detail by Phillips and Marion 
(2005). Thc thiclziless of the rootwdd call be as- 
suined to represent the zone contaming the malor- 
ity of the coarse root illass and thus the depth in 
which nlost rooting occurs. Exaiii~nation of the tree 
throw pits indicates that material clown to a Cr or 
R horizon was typically removed. Thiclzness of the 
rootwads ranged from 19 to 100 cm (iileai~ = 45). 
Although this is less than tlie mean regol~th thick- 
ness, the tree throw data reflect the fact that 
uprootings are   no re common in shallower soil. 

1)eseriptions of tlie full-s~ze soil pits noted roots 
iii the horizoii just above a Cr or R horizon (e.g., 
withln a C or lower Rt horizon) in every case. These 
ctata indicate root peiietration to the base of the 
rcgolitll. 

Faunal activity and fauiialturbation of the rego- 
lith 1s coininoil in the study area, but there was no 
systeinatic evidence of burrowing at the base of the 
regolith. As we have noted elsewhere, 57'% of the 



Table 5 .  D I ~  Angles 111 Ilegrees 

l'lot Man P I ~  Commcnts 

Hardwood 1 
Hardwood 2 

AC 1 
Flattop 
1'1ne-bluestem 

1'0 teau control 

40, 17, 0, 0 
55, 32, 17 In one p ~ t ,  bedd~ng vdr~ed from 10" to 

90" on varlous p1t faces I11  other, 
chps ranged from 0" to 17" 

46, 41, 15 
48, 30, 22 
19, 0, 0 One p ~ t  11~1s s d ~ ~ d s t o ~ ~ e  fr,igments 111 up- 

per rcgol~th or~ented at 50" 
40, 42, 42 011e lxt has s'lnditone fr'1g117ents 111 ~113- 

per regol~th or~enteil at 70' 

Note  Ke~or t led  on g e o l o g ~ ~ ~ i l  I T I A ~ E  (M'q>I r ~ ~ i d  111 lower i011  p ~ t ~  [I'ltl, me,asureci n i  tlev~,itioni from h o i ~ z o ~ ~ t ' i l  (Ool 'tt ~ I X  i tudy  
plot', 

posthole pits hat1 ;I suhs~irfdce stone liiie or zone 
(at least 70'X rock frc~ginciits by voluine; rock con- 
tent at least 20% greater than adlacent horizons; 
Phillips and Marion 2004). However, no subsurface 
stone lines or zones were identified in the 58 full- 
size soil pits. T h ~ s  suggests that the posthole pits 
were frecluently pelletrating local stone concentra- 
tions that are not laterally extensive enough to be 
recognized as a stone line or zone In a soil pit. This 
is consistent with point-centered processes sucli as 
roclz deposition in stuinp holes rather than areally 
exteilsive processes such as fauiialt~irl~atioi~, which 
can create stone liiles in some situations (Johnson 
1990; Ralek 2002). 

Eveii though sawn stui~ips wcre excluded, there 
was CI Ineail of iline stuinps aiid 8.9 stand~ng dead 
trees per plot (Phillips ' I I ~ C ~  Mario11 2004). Because 
tree throw usually involves living trees, the >18 
stuinps and standing dead trees per plot conipared 
w ~ t l i  the incan of 1 . 3  tree t l~rows i~id~cdtes  that 
"stancling death" rcs~lltiiig from harvestii~g, trunlz 
brcalz, disease, fire, '~iict so 011, is inore coininon 
than uprooting. 

Roots and pores wcre observed, aloiig w ~ t h  oc- 
casional evidence of faunal burrows, in tlic so1~1111 
aild C horizoiis of every full soil pit. This iiidicates 
some volume exp~lnsion due to biological activity. 
Root peiietratioii into saprolites aiici bedrock, typ- 
~cal ly  accompanied by oxidation around the root 
channel, was also observed 111 sotme pits. 

Discussioil and Interpretations 

Regolith thickness in tlic study area is noncquilib- 
riuili; that is, there arc no iiictic~tions of the rela- 
tively uniform cover that would be expected wrthi~i  
small, relatively I~omogencous areas where pro- 
duction of regolith by w c c ~ t l i c n ~ ~ g  of hedroclc is ap- 
proxiinatcly balanced hy erosional removals and 
the regolith tliickness is tuned to slope grditieiits 
,1nd curv,ltures. Ecjuilibr~~ii~i (aiid dis- or noncciui- 

li17r1~1111) is, of course, an cillergc~it aiid scale- 
contingent property (Reiiwiclz 1992). It is assuimed 
here that the general weatheriiig '~iid pedogenetic 
regime has hecn present througliout the Holocene 
and that the biolog~cal effects we believe arc c r ~ t ~ c a l  
here operate on the scale of multiple gencreltiolis 
of forest (e.g., centuries). 

Deepen~ng by weatheri~ig is essentially ubiclui- 
tous, as iild~cated hy an abundance of weatheriiig 
products in the lower regolith and the development 
of saprolitcs a i d  Cr horizons. Regolith deepening 
due to faunalturbation does not appear to he wide- 
spread. The general correspondence of rooting 
depths w ~ t h  regolith thick~icss is coiisisteiit with 
deepeniiig processes ,~ssoclated with trees, but it  1s 
difficult to prove cause and effect. Tlic presence of 
oxidation around roots and observation of roots 
penetrating fractures and bedding planes below the 
regolith suggests that loc'llly enhanced weathering 
'lround roots pcnctr,it~ng the parent roclz III'IY be 
,In important process. 

The lack of associatioii between regol~tll thick- 
iicss and topographic variables suggests that de- 
position'il upb~ulding 'ind er~sioil'il truncation are 
not in'llor controls of v,~ridtions 111 regolith thick- 
ness. This 1s not to s ~ y  that these processes arc 
insign~ficant. Wlth the exccpt~on of the Poteau con- 
trol site, '111 liave hccn logged. In the Ouach~ta  re- 
gio~i, loggiiig IS often 'issociated wit11 periods of ac- 
celerated erosion, but these periods are short 
because of rdl?id vegetdtioil recovery 111 the sub- 
tropical cliiiiatc. There is ~ l s o  no liistoric~~l or 'IT- 

ch'ieological ev~dence that the sideslopes typ~fying 
our study site werc ever cultivated, and there is 1x0 

field evidence of recent cultivation (e.g., reillilaiit 
furrows and agricult~~r'il artifacts). No active ero- 
sion paveinents or gullies werc noted in the field 
except 111 the immetIi,~te v ~ c ~ ~ l i t y  of loggiiig s k ~ d  
trails In a few i~istai~ces.  

However, 6011 111i)rphology ~Ioes i t i d i ~ ~ ~ t e  tll'lt col- 
luvi,tl deposition of m,iterial derived from upslope 
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Figure 4. l icgol~t l i  thlcktlcss plotted dgasilst ilepth to  
the  top of the  13 horizon 

is commoi~.  This, plus the lack of significant re- 
latlonships between indicators of pedogcn~c devel- 
opment 'issociatcd with soluim morphology, sug- 
gests tliat the variability in regolith thiclzness inay 
be mainly attrihutahle to processes acting in the 
lower regolit11 and 'zt the ~ e ~ z t h e r i l l g  front. 

This is further supported by systematic varia- 
tions associ~tcd with sandstone versus shale p'zrent 
rnatcri'il. Because of the coinplcx geology of the 
Ouachltas, ii~cludrilg ~izterbeciding ot sh'11cs m d  
sandstones 'liid severe folding m d  coiitort~ng of 
strata in some c'iscs, ~t 1s typic,ll to find local var- 
~,ltions in pC~rcnt material lithology. Large boulders 
(i~ledian diameters of >0.5 111) were reiliovcct from 
some soil p ~ t s  111 o thcrw~sc  shale-don~in~itcd 111~1- 

terial. Tlils suggests that ii~ass-wasted saizcistone 
boulctcrs may function as loc,zl poclzets of sand- 
stoile pareilt iildterial 

Tlic loc'tl sp'ztial v,~riability in regol~th tll~clziless 
is appc~reiitly associ,itcd pr~ili,irily with local 11th- 
o logic~~l  vdridhilit y 'znd with tile locdlizcd pcdologic 
~nf-luencc of trecs. T h ~ s  claini arises l ~ l i t l y  fro111 the 
lc~clz of ~liiy o t l~c r  plausible source of the loc,ll var- 
1'1tions but 1s supported hy field obscrv~~tions Local 
t l~~clzci~i i ig ot soils call be associated with root pen- 
etr'rtlon Into wcatliered rock 'ind with the 111filli11g 
of holes cicatcct by both tree three and \ tump rot. 
Phillips diid Mdrion (2004, 2005) have l~iilzcd locdl 
pedod~versity 111 the are'l to these effects, and loc'il 
v;lri,itioil\ ~n so11 thiclzness ~ s s o c ~ ~ ~ t c i l  w ~ t h  effects 
of trecs is well established from studies 111 other 
'1reas (Lutz and Griswold 1939; Ziillze 1962; Cramp- 
ton 1982, Schdetzl et al. 1990, V'isenev ,lnd TJI- 
gullydn 1995; Rdrrett 1997). 

Loc'il~zed veins, lenses, or traiisported boulder\ 
(most commonly of s,lndstone w ~ t l i ~ n  shcllc) m ~ y  

also lead ln gcizcral to systematic differences In reg- 
011th tl~iclzncss, presumably ,~ssociated with the 
nzore r a p ~ d  weathering of slic~le, a conclusion sup- 
ported by the systcinatic differences in thickness 
of soils overlying shale dnct sandstone. Tree rooting 
IS c o n ~ e i i t r ~ ~ t e d  just ahove the we,zther~ng froiit, hut 
roots were observed 111 so11 pits pcnctratlng bedding 
planes, w ~ t h  evidence of prcfercntlal weathering 
(oxides in root c l~an i~e l s ) .  It is reasonable to spec- 
~ l l a t e  th'zt S U C ~  root penetration is facil~tatcct hy 
more vertical heddiilg orientations, 2nd thus the 
local var1,1bilitics in substrate dip inay contribute 
to local v'irlations in regolith tl~iclzncss. 

As d~scussed 111 the "Introduction," complex lo- 
cal vari,lhility in regol~tll tl-riclzness could ,irise 
solely hcc'i~lse of tile Inter,lctions of weathering 
rates and soil thiclzness, where the feedb'~cl<s be- 
tween the two are strong. This phenomciion ]nay 
he o p ~ r ~ ~ t i n g  111 the Ouacliitas, hut the field evi- 
ilence indicates that variations in the parent rock 
and local effects of trees arc rmportant in control- 
11ng local thiclzness variations. Thus, even ~f the 
fecdhaclzs between erosion, t l~~clz~iess ,  and wer-lth- 
eriilg are 111 the stable range that would produce 
steady state e c ~ u ~ l ~ b r i u n ~  thiclzness, this outcoine 
would be highly ~u~lilzely. 

This study suggests that a steady state ecluil~h- 
rlum regolith thickness IS more I~lzely 111 homo- 
geneous lithology aiict In the case of sediiiiei~tary 
roclzs with horizoiltal hcciding. Stcaciy state 1s '11so 
more lilzely where biological effects are inore uni- 
formly distributed, 2s opposed to the point- 
centered effects of trecs in forest env~ronments.  I11 
more coi71plex litliologles ,iild under forest cov- 

..................................................................................................... 
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Figure 5 .  Regolith th~c l incss  plotted against .ui uldcx 
of pcdogciisc dcvclopmci~t ,  total h ~ i s z o ~ ~  t h ~ ~ l z i ~ e \ s / t o -  
t,ll A '2nd E h o ~ l z o n  tl~iclznc\s 



er, noizecl~rilil-tri~r~zi rcgol~th thiclznesses arc more 
11lzcly. 

The results 'zlso indicate that the we'rthering ver- 
sus erosion framework for exalninlizg regollth 
th~clzizcss may he too s i i i~pl is t~c  for ~ntcrprcting 
soils ancl we'tthering profiles 11-1 inany situations. 
The soil tlziclzness model, which incorporates bi- 
ological influences, a11d the 1>ossibil1ty of l-toth 
thiclzeniizg and thinn~izg at l-toth the surface and the 
weatlzering front, ap~edrs  to be preferable as an in- 
terpretive tool. 

Conclusions 

Regolith thiclzness oil sldcslopes of the Ouachita 
Mountains exhihits high degree of l o c ~ l  spatial 
variability tli'~t 1s largely unrelated to topography 
This indic'~tes i~oiiecluilihriui~~ In the sense that 
there is no ev~dciicc ot '1 l-talaizce between rates of 
weathering and reinoval, as is postulated 111 sonle 
conceptual inodels in geomorphology and pedology. 

Variability in regol~th thiclzness is not generally 
related to topography or to pedogeii~c development 
in the solum although mass wasting of illaterial 
froin rldgetops 1s a significant upbui ld i~~g process. 
This iiidicates that v,zriability 111 thrclzness is re- 
lated chiefly to processes and controls actlng in the 
lower regolith, below the soluiii. The prlinary con- 
trols of variabil~ty are threefold. First, local litho- 
logical variation crssoc~atcd wlth layers, lenses, or 
transported boulders of sandstone within strongly 
tllted shale parent inaterial is associated with d ~ f -  
ferent~al tli~cknesses, with tlz~clzcr soils on the 
more wcatlzcral-tlc, less-resistant shales Second, 
the strongly tilted Paleozoic sed~lne~ltary roclzs 
coinprise 'I substrate that exliil-tits s~ibstantial var- 
iability in resistance due to fractures and bedding 
plalns. Preferential weathering in the lattcr helps 
produce an irreguldr weathering front topography 
Third, point-centered pcdological influences of 
trees ,rppear to be responsible for some locdhzed 
vari,rtion in regolith thickness. Floral t~rb~it ion at 
the weatl~ering front and in the lower regolltli be- 

cause of tree throw is significant, but root pcnetra- 
tion and assoclatect weathcr~ng fac i l~ ta t~o~z  niay he 
even rnore ~iizportant It is likely that the latter 
i n e ~ h ~ r n i s m  is important 111 the preferential weath- 
ering of fractures and bedding pl'tnes 

A steacty state regolith clzciractcr~zcd hy coizsis- 
tent tliiclzness within relatively l~oilzogencous a -  
eels ,tnd by close relationslzips between tliiclzness 
'znd topograplzic v a r ~ ~ ~ b l e s  SLIC~I as \lope gr,tctients 
and curvatures rrray he relatively rare Results ot 
this study suggest that an ecluilibr~uin regolith 
tlziclzizcss is i i~ost  lilzely 111 uniform litl~ology, with 
a high degree of lithologrc purity, less lilzely in in- 
terbedded sccl~meiztary roclzs, and more unlilzcly 
still i f  the 1,rttcr are tllted ancl fractured Ecl~ulib- 
rluin weathering profiles would 'rlso be more lilzcly 
where the effects of l-tloturbation arc nzore 'treally 
uniform (as opposed to the point-centered effects 
of individu~~l trees) and where the bioinantlc is 
above the weathering front. 

Coi~ceptualizing sod, weatheriilg profile, or reg- 
olith thickness as a balance between reinoval and 
proctuctioi~ rates is certainly plausible in some sit- 

uations and is no doubt a useful abstraction over 
broad spatial and teinporal scales. However, inter- 
pret'rtions of regolith tliiclzizess 111 the field arc gen- 
erally better served by the so11 thiclzness model, 
whlch assigns a greater role for b~oturbdtion and 
whrch accounts for gaiiis and losses of- inass and 
volume at all depths. 
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